The incidence of acute kidney injury in pregnancy (P-AKI) has markedly decreased over the last three decades in India, particularly due to decreased incidence of postabortion AKI. However, P-AKI still accounts for 3%-5% of cases of total AKI. Postabortion sepsis has decreased to between 0.9% and 1.5% in 2014 from 9.4% in 1980-1990 in the new millennium. Currently, in India, majority of P-AKI (70%-90%) occurs in the postpartum period and in late 3 rd trimester similar to the developed countries, but causes are different. We observed that preeclampsia/eclampsia is the most common cause of P-AKI in the late 3 rd trimester and postpartum period followed by puerperal sepsis and postpartum hemorrhage (PPH). Both puerperal sepsis and PPH are treatable and preventable etiologies of P-AKI. Timely and aggressive management of antepartum hemorrhage (APH/PPH) and puerperal sepsis are required to reduce the burden of P-AKI in developing countries. Specific-pregnancy disorders such as P-aHUS/thrombotic thrombocytopenic purpura, pregnancy-associated thrombotic microangiopathy, and acute fatty liver of pregnancy are the uncommon/rare causes of P-AKI in India and possibly also because of the lack of awareness toward diagnosis. Despite decreasing incidence of P-AKI, fetal mortality remained high and unchanged. However, maternal mortality has decreased to 5% from initial high mortality of 20%-25%. The incidence and severity of renal cortical necrosis have significantly decreased at our center.
to 1/18,000 with respect to total pregnancies and from 43% to 0.5% with respect to the total number of acute renal failure. 8 The incidence of P-AKI has declined significantly over the last three decades in developing countries but still accounts for 5%-20% of total AKI. [10] [11] [12] In a recent study of P-AKI from India, its prevalence among all cases of AKI has decreased from 15% in 1980 to 10% in the 1990s. 7, 10 Our current study revealed P-AKI constitutes 4.68% of total AKI in 2003-2014 in the Eastern part of India. 6 During the first trimester of gestation, AKI develops most often due to hyperemesis gravidarum or septic abortion. Septic abortion was the most common cause of P-AKI in the 1980s and 1990s in India. [1] [2] [3] [4] However, postabortion AKI has decreased to 1.49% in 2003-2014 from 9.4% in 1982-1991 of total AKI cases. 6 Prevention of unwanted pregnancy and avoidance of septic abortion are keys to eliminating abortion associated -AKI in early pregnancy. We have not seen AKI on account of hyperemesis gravidarum over a period of 34 years at our center. 6 This is possibly due to under-reporting or mild nature of renal dysfunction (i.e., prerenal azotemia). In the late third trimester and around delivery, the causes of P-AKI are similar but differ in frequency between developing and developed countries. In developing countries, the most common contributing factors to P-AKI are puerperal sepsis, postpartum hemorrhage (PPH), intrauterine fetal death, and preeclampsia; 5, 7 whereas in developed countries, the most common causes of P-AKI are preeclampsia, hemolysiselevated liver enzymes-low platelet (HELLP) syndrome, hemorrhage by abruption placenta, thrombotic microangiopathies (TMAs) and acute fatty liver of pregnancy (AFLP), in decreasing order of frequency. 8, 9 Pregnancyassociated thrombotic microangiopathies (aHUS/TTP) and AFLP are rare causes of AKI during pregnancy in developing counties. 6 In this review, the changing picture of AKI in pregnancy will be discussed, with particular reference to the experience in India, as an example of a developing emerging country.
Diagnosis of AKI in Pregnancy
The validated definition of AKI in pregnancy is not yet established in the literature. 13 The use of Risk, Injury, Failure, Loss of kidney function, and End-stage kidney disease (RIFLE) classification in pregnant women needs further study and is not consensual. The prognostic utility of RIFLE had been demonstrated in nonpregnant women, but only a few studies have reported its application in pregnant women. 14, 15 Pregnancy is associated with physiological increase in glomerular filtration rate (GFR) and renal plasma flow. The GFR can reach 40%-50% of baseline throughout pregnancy and subsides in the first 3 months postpartum. Renal plasma flow can increase up to 85% in the second trimester of pregnancy. These hemodynamic changes result in a decrease of serum creatinine in pregnancy to 0.4-0.5 mg/dL and blood urea nitrogen (BUN) to 8-10 mg/dL. The knowledge of this physiological adaption in pregnancy is of clinical importance because serum creatinine and BUN of 1.0 mg/dL and 13 mg/dL, respectively, would be considered normal in the nonpregnant individual but reflects renal impairment in a pregnant woman. 16 Therefore, the diagnosis of AKI in pregnancy is based on increase in the serum creatinine. A creatinine level of ≥1 mg/dL or a rapid rise (by definition in 48 h) of 0.5 mg/dL above baseline should be investigated for evidence of AKI. The following criteria for the diagnosis of AKI in pregnant women may be used (any of the three); (1) Sudden increase in the serum creatinine of >1 mg/dL, (2) Oliguria/anuria and (3) Need for dialysis. We have used these criteria for the diagnosis of AKI in pregnancy in our study.
Incidence of Pregnancy-Related Acute Kidney Injury
AKI is a rare complication of pregnancy in the developed world. With the legalization of abortion, screening of hypertensive complications of pregnancy and overall improved antenatal care, the incidence of P-AKI has declined significantly in most developed countries. [17] [18] [19] Stratta et al. reported the incidence of P-AKI in developed countries has declined from about 1/3,000 to 1/15,000-1/20,000 pregnancies since 1960. 18 In a recent study from Canada, AKI occurred in 1/10000 pregnancies among 1.9 million pregnant women over a period of 15 years. 9 In contrast, in developing countries obstetrical complications account for 15%-25% of total AKI and the most common cause of P-AKI is septic abortion. [1] [2] [3] The main reasons leading to the persistent high incidence of P-AKI in developing countries are septic abortions usually performed in unhygienic conditions without adequate medical monitoring; overall poor follow-up of pregnancy, absence of medical facilities in rural areas and relatively late referral of patients with these conditions. However, the incidence of P-AKI is declining even in developing countries. Obstetrical complications constitute 9%-13% of total AKI cases in India and Pakistan. [1] [2] [3] 20 The incidence of P-AKI has decreased from 15.2% in 1982-1991 to 10.4% in 1992-2002 with the declining trend continuing in 2003-2014 (4.68%) at our center over a period of three decades. 6 We have earlier reported AKI occurring in 1.78% of total deliveries (1 in 56 births) in the third trimester of pregnancy with maternal mortality of 20%. 21 The decreasing trend in P-AKI was also noted in other Indian studies, sepsis being the most common cause. 22 Thus, the incidence of P-AKI in developing countries accounts for 5%-8% of total AKI cases. 11, 23 In contrast to India, a recent study from Pakistan reported an increase in pregnancy-related AKI in the last 10 years. 24 This is possibly due to the lack of adequate primary health-care facilities and immoral practice of induced abortion to kill the fetus in early pregnancy.
Causes and Timing of Pregnancy-Related Acute Kidney Injury
The development of AKI during pregnancy follows bimodal distribution with two incidence peaks; one in the first trimester and other in the third trimester and postpartum period. 1, 3 During the first trimester of gestation, AKI develops most often due to septic abortion and hyperemesis gravidarum. The first peak has almost been eliminated in developed countries due to virtual disappearance of septic abortion. [17] [18] [19] Currently, hyperemesis gravidarum is the most common cause of AKI in the first trimester in the developed world. 9 This is however rare in India. The most likely causes are; (1) under-reporting and (2) mild nature of AKI (i.e., prerenal azotemia). The third trimester AKI is due to late obstetrical complications, including puerperal sepsis, ante or PPH, intrauterine death, preeclampsia, thrombotic-microangiopathy (TMA), and AFLP. P-AKI occurs mainly (75%-85%) during the late third trimester and around delivery in most countries, including developing countries. 12, 25 Preeclampsia is the most common etiology of P-AKI even in developing countries. 6, 21 However, puerperal sepsis is the main cause of P-AKI in the postpartum period in certain parts of India followed by PPH. [26] [27] [28] In contrast to the developed world, pregnancy-associated TMA (P-TMA) and AFLP are uncommon/rare causes of AKI in pregnancy in India and other developing countries. 1, 6, 28 Two Indian studies have reported a single case (one each) of postpartum aHUS among their patients with obstetric AKI. 6, 27 It is worth mentioning that AFLP and P-TMA are rare disorders, affecting 1/20,000 and 1/25,000 pregnancies, respectively. 29, 30 Stratta et al noted TMA (aHUS) in two patients (2.4%) in their series of 84 cases of P-AKI over a period of 39 years. 8 In addition to rare diseases, inadequate investigations may account for under-reporting of P-TMA and AFLP as the cause of AKI in pregnant women in our country. The main causes and outcomes of P-AKI in the last 33 years at our center are shown in Table 1 . The maternal and fetal outcome of P-AKI differs according to the period and place of the study. Studies in the 1970s reported maternal mortality of 55%, while recent studies report mortality to be ~15%, and 8%-30% of patients developed ESRD. 2, 22, 31, 32 However, perinatal mortality has remained very high (~45%) and has not changed over a period of three decades. 6 Percentage of P-AKI requiring dialysis has also decreased from 83% in 1982-1991 to 66.6% in 2003-2014. 6 The number of patients with P-AKI progressing to ESRD had declined from 6.15% in 1982-1991 to 1.4% in 2003-2014. 6 Overall, P-AKI may progress to ESRD in 10%-30% of the patients mainly due to renal cortical necrosis.
AKI in First Trimester of Pregnancy

Septic abortion
In 1970s and 1980s, septic abortion was the most common cause of P-AKI ranging between 50 and 70% of cases. [1] [2] [3] [4] These abortions were conducted by untrained midwives under unhygienic conditions leading to septic abortion and subsequent AKI. The abortion was seldom "spontaneous" as stated by most of these patients. Septic abortion is a catastrophic disease and patient generally presents with high fever, chills, leukocytosis, uterine tenderness, hypotension, and foul-smelling cervical discharge. Sepsis is more common in patients with induced abortion (60%) than in those with spontaneous abortion. The microorganisms are more frequently isolated in vaginal swab culture. Positive blood culture is obtained in about one-third of the patients. The common organisms isolated on culture include anaerobic Streptococci, Bacteriodes fragilis, Streptococcus pyogenes, and Clostridium perfringenes. We have also isolated Gram-positive anaerobic Cocci, Klebsiella, Pseudomonas, Pyocyaneus and Escherichia coli. Since 1980, the incidence of P-AKI in our center has declined due to a decrease in the incidence of septic abortion-related AKI (Figure 1 ). The proportion of AKI due to septic abortion has decreased in recent years in other centers in India as well. In the Chandigarh study, postabortal AKI was reported to decline to 3.5% in 1981-1986 from 13.7% of total AKI cases during 1965-1974. 22 We reported that postabortal AKI decreased to 7% in 1992-2002 from 9% of total AKI cases in 1982-1991. 7 In our recent study, septic abortion contributed to 1.49% of total AKI cases in 2003-2014. 6 Several studies from other Indian centers have reported that postabortal AKI has decreased markedly ( Figure 2 ). [26] [27] [28] Thus, septic abortionrelated AKI is declining in India except in Kashmir valley, where 50% of total obstetric AKI was reported to be due to septic abortion. 31 This might be due to regional differences in abortion practices and social stigma attached to abortion. However, the decrease in incidence of postabortal AKI is not uniform throughout the country. 28, 31, 32 
Hyperemesis gravidarum
Hyperemesis gravidarum has been emphasized as an important cause of P-AKI in the first trimester of pregnancy in western literature. 33 However, it is rarely reported from developing countries. We have observed no cases of AKI complicating hyperemesis gravidarum in our study in the last three decades, 6 possibly due to under-reporting or mild degree of AKI (prerenal azotemia) associated with hyperemesis gravidarum.
AKI in Third Trimester and Around Delivery
Similar to developed nations, a peak of P-AKI in the postpartum period is also recorded in India. Studies from several Indian areas revealed that postpartum AKI contributes to 70%-83% of total pregnancy-associated AKI. 12, 27, 34, 35 We reported that 68% of P-AKI Figure 1 . Distribution of cases of pregnancy-related acute kidney injury with respect to the gestational period. P-AKI: Acute kidney injury in pregnancy. Figure 2 . Distribution of cases of pregnancy-related acute kidney injury during different phases of pregnancy. P-AKI: Acute kidney injury in pregnancy. occurred in the postpartum period. 6 The common causes of P-AKI in the postpartum period and around delivery include preeclampsia, HELLP syndrome, PPH, and puerperal sepsis. As already mentioned, pregnancy-associated thrombotic-microangiopathies (aHUS/TTP) and AFLP are rarely diagnosed in India. 6, 27, 28 Preeclampsia
Preeclampsia is a multisystem disorder unique to human pregnancy. Conventionally, diagnosis is based on new-onset hypertension and proteinuria at ≥20 weeks of gestation or in the absence of proteinuria, hypertension together with evidence of systemic disease (such as thrombocytopenia, elevated liver enzymes, renal dysfunction, pulmonary edema, and visual or cerebral disturbances). The characteristic kidney lesion of preeclampsia is swelling and detachment of glomerular endothelial cells leading to capillary lumen obstruction. 36 AKI occurs in approximately 1% of women with severe preeclampsia. [36] [37] [38] [39] PE/E accounts for 15%-20% of P-AKI cases and are the leading causes of AKI worldwide. 40, 41 PE/E was responsible for P-AKI in 43.9% and 35.29% of cases in pregnant women in our own study. 11, 21 Reversal of AKI occurs following delivery of fetus in majority of patients with preeclampsia. However, persistent renal dysfunction and the need of long-term dialysis suggest preexisting hypertension and chronic kidney diseases. 37, 42 The most common histological lesion in the setting of AKI in patients with PE/HELLP syndrome is acute tubular necrosis (ATN). [43] [44] [45] However, renal cortical necrosis has been reported in preeclamptic women with AKI. 7, 21 Hemolysis, elevated liver transaminases, low platelet count (HELLP) syndrome HELLP syndrome is sometimes considered as a variant of PE: it occurs only in pregnant women and resolves with delivery, being frequently, but not always, associated with hypertension and proteinuria. 46 However, 20% of pregnant women with HELLP syndrome do not develop hypertension or proteinuria, thus supporting distinct disease. 46, 47 It complicates up to 20% of severe PE and is reported to occur in 1-2 per 10,000 pregnancies. 42, 48 HELLP syndrome generally occurs in the third trimester, but may be diagnosed in the 2 nd trimester or in the postpartum. 49 AKI is reported in 3%-15% cases of HELLP syndrome and overall, it may account for 40% of P-AKI and may increase up to 60% of cases in severe form of the disease (i.e., HELLP syndrome). 38, 42, 50, 51 The HELLP syndrome contributes to AKI in 8%-10% of patients in Indian studies. 21, 27 Majority (93%-100%) of patients with the HELLP syndrome-related AKI has excellent prognosis with near complete recovery of renal function. 38, 52, 53 Both preeclampsia and HELLP syndrome are antiangiogenic state characterized by increased circulatory concentration of sFlt-1 and endoglin. Kidney biopsy study reveals typical features of TMA in <15% of patients with HELLP associated AKI. 44 Acute fatty liver of pregnancy AFLP is a rare disorder with an incidence of 1/7,000 to 1/20,000 pregnancies. 30, 52, 53 It affects women in the 3 rd trimester of pregnancy and is characterized by the sudden onset of acute liver failure with coagulopathy. AFLP is a diagnosis of exclusion, once viral hepatitis and biliary obstruction have been ruled out. The presence of lipid micro vesicular infiltration of hepatocytes without inflammation and necrosis is a typical finding in patients with AFLP. AKI is seen in 20%-100% of cases, and its etiology is multifactorial. 54, 55 The various factors contributing to AKI in AFLP include; hypovolemia, co-existing preeclampsia, coagulopathy, hepatic failure, and intra-abdominal hemorrhage. AKI in patients with AFLP is mostly mild and usually does not require dialysis support. 56, 57 In most women, there is complete liver and kidney recovery after delivery. AKI is usually nonoliguric and ATN can occur in the setting of hemorrhage-induced hypovolemia.
Urgent and immediate delivery of fetus is associated with favorable maternal and fetal prognosis. 58 Earlier studies have reported very high rate (85%) of maternal and fetal mortality in women with AFLP. However, a recent case series reported maternal and perinatal mortality ranging between 10% and 20%. 59, 60 Thrombotic-microangiopathy of pregnancy (P-TMA)
Thrombotic-microangiopathy of pregnancy is a rare disorder occurring in 1/25,000 pregnancies. 29 It is reported to occur de novo during pregnancy and may relapse in subsequent pregnancies as well. 61 P-TMA accounts for 8%-18% of all cases of TMA. Depending on the dominant mode of clinical presentation, two clinical forms of syndromes have been described; (a) thrombotic-thrombocytopenic purpura (TTP) and (b) hemolytic uremic syndrome (HUS). TTP is often diagnosed before delivery with highest risk during late 3 rd trimester, because of progressive decrease in ADAMTS-13 activity and simultaneous steadily increase in plasma concentration of VWF during normal gestation. Atypical HUS (aHUS) mainly occurs in the first six months postpartum. 62 Pregnancy and delivery are uneventful in majority of the patients. Complement alternative pathway (CAP) dysregulation is associated with P-TMA and mainly (80%) occurs during the postpartum period and 80% of patients reached ESRD during the first aHUS episode and 80% of P-HUS had CAP dysregulation in CFH and CFI encoding gene. The clinical feature of aHUS is similar to TTP, but renal involvement is more severe and the neurological manifestation is rare.
Differential diagnosis of TMA-associated AKI in pregnancy
TMA-associated AKI in pregnant women has several common clinical features such as micro-angiopathic hemolytic anemia, decreased platelet count and acute renal dysfunction. Thus, the presence of TMA and AKI in pregnancy is one of the most challenging differential diagnoses. However, the exact diagnosis of these syndromes is mandatory to make an appropriate therapeutic decision, which may save the life of both mother and fetus. 55 Table 2 summarizes the clinical and laboratory features of TMA-associated AKI in pregnancy. Delivery of fetus improves the clinical manifestation of AFLP and preeclampsia/HELLP syndrome. However, there is no benefit of delivery in patients with P-TMA (aHUS/TTP). Plasma exchange is the first line of treatment for patients with HUS/TTP. The important clinical clues to distinguish between these syndromes are given below.
A. Distinguishing AFLP from HELLP syndrome 1. Hypoglycemia and coagulopathy are the key features of AFLP 2. Liver dysfunction is the dominant presentation with elevated aminotransferases and bilirubin level in AFLP 3. Ammonia level is elevated in AFLP 4. Profoundly depressed anti-thrombin level is seen in AFLP 5. Hemolysis and thrombocytopenia are either mild or absent in AFLP, while it is moderate to severe in HELLP syndrome.
B. Distinguishing TTP/aHUS (P-TMA) from HELLP syndrome 1. Isolated lactate dehydrogenase (LDH)
increase with normal SGOT/SGPT, (LDH/ AST ratio -25:1) favor HUS/TTP 2. Coagulation abnormalities such as elevated antithrombin, D-dimer and high fibrinogen level are absent in HUS/TTP, while they are common in HELLP syndrome. 3. The presence of proteinuria, hematuria, and RBC casts in urine favors aHUS and only isolated proteinuria occurs in HELLP syndrome 4. Liver involvement is a hallmark of HELLP syndrome, is rare in patients with aHUS (severely increased hepatic transaminases level strongly suggests HELLP syndrome).
C. Preeclampsia/HELLP syndrome
Both preeclampsia and HELLP syndrome have similar clinical features with increased circulatory concentration of sFlt-1 in maternal blood. HELLP syndrome is considered to be a form of severe preeclampsia. The following points may provide clues to distinguish HELLP syndrome from preeclampsia.
1. Thrombocytopenia is often the first sign of HELLP syndrome in pregnant women 2. Proteinuria and/or hypertension may be absent in 20% cases of HELLP syndrome while hypertension is a constant feature of preeclampsia 3. Systemic manifestations (i.e., elevated SGOT, SGPT, kidney dysfunction, low platelet count, increased LDH and cerebral symptoms) in the absence of proteinuria and hypertension suggest the diagnosis of HELLP syndrome in gravid women.
Renal Cortical Necrosis (RCN) in Pregnancy
RCN is characterized by ischemic destruction of all the elements of renal parenchyma (glomeruli, blood vessels, and interstitium) in the involved area of cortex. The lesions are secondary to the markedly reduced renal arterial perfusion usually resulting from intravascular coagulation, vascular spasm and microvascular injury. It is a rare lesion that accounts for <2% of all cases of ARF in developed countries. 17 Overall, obstetric complications are the most common (50%-70%) cause of RCN, while nonobstetric conditions causes RCN in approximately 20%-30% of all cases of cortical necrosis. 63, 64 Septic abortion, puerperal sepsis, preeclampsia/HELLP syndrome, abruptio placentae and PPH are the pregnancy-related conditions causing RCN. Renal cortical necrosis due to obstetric complications was noted in 56% and 61% of cases, respectively in our previous study. 10, 65 However, the incidence of cortical necrosis in P-AKI has significantly (P <0.001) decreased from 17% in 1982-1991 to 2.4% after 2000s. 7 In our experience, renal cortical necrosis was (Figure 3 ). Septic abortion was the most common cause of RCN in the first two study periods but no case of septic abortion-induced RCN was observed in the last decade. 66 Currently, RCN accounts for 3% of all causes of AKI in our study. 67 In another study, the overall incidence of RCN in obstetric AKI was 15.2%, and it has decreased significantly from 4.7% in 1984-1994 to 0.5%in 1999-2005 of total AKI cases. 10 The reported incidence of RCN in India and Pakistan varies between 23% and 42.8% of all patients with obstetric AKI. 66 ( Table 3) RCN was due to obstetrical causes in 9% of patients with P-AKI in a study from Pakistan. Septic abortion was an important cause of RCN in India in 1908s and 1990s. However, puerperal sepsis and PPH are the dominant cause of RCN in patients with P-AKI in 2000s. 67 The possible mechanisms of RCN in patients with septic abortion and puerperal sepsis are: sepsis-induced hypotension, disseminated intravascular coagulation contributing to poor renal perfusion and possibly endotoxinmediated endothelial injury leading to endo- vascular thrombosis and subsequent renal ischemia. In contrast to septic abortion in developing countries, the most common (50%-60%) obstetric cause of RCN is abruptio placentae in developed countries. Although RCN has virtually disappeared in highincome countries, 18 cases of RCN occurred in France following PPH in recent years (2009-2013). 71 The possible mechanism of RCN in these 18 patients are in the setting of gravid endothelium, the conjunction of disseminated intravascular coagulation and the use of antifibrinolytic agent (tranexamic acid) may give rise to a risk for uncontrolled clotting in the renal cortex and subsequent development of irreversible partial or diffuse cortical necrosis. 71
Summary
The incidence of P-AKI had declined significantly over the last three decades in India, mainly due to marked decreased incidence of postabortal AKI. Currently in India, P-AKI mainly (70%-90%) occurs in the late 3 rd trimester and in the postpartum period, similar to the developed countries. Preeclampsia is the most common cause of P-AKI followed by puerperal sepsis and PPH in our country. P-TMA and AFLP are the rare/uncommon causes of AKI in pregnancy in most developing countries, including India. In the past, septic abortion was the commonest cause of RCN in India. However, puerperal sepsis and PPH are the dominant cause of RCN in recent years. Further, incidence and severity of RCN have markedly decreased at our center. The maternal mortality has reduced to 5% from initial high mortality of 20%-25%. Overall prognosis of P-AKI has improved but perinatal mortality remained still high, despite good prognosis of AKI in pregnancy.
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